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(54) Coatings for polymeric substrates 



(57) The tack of a substrate coated with a polymeric 
mat rial is reduced by (i) applying an aqueous suspen- 
sion of powdered silicone rubber with a mean particle 
size of 0.1 to 500 u.m to the coated substrate, and (ii) 
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heating the coated substrate to remove water and si- 
multaneously adhere particles of the powdered silicone 
rubber to the polymeric coating on the substrate. 
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Description 

[0001] This invention is directed to coatings for poly- 
meric substrates, and in particular, the invention is di- 
rected to the application of an aqueous suspension of 
powdered silicone rubber to substrates useful in the 
manufacture of air bags for automobiles. 
[0002] US Patent 4,594,134 (June 10, 1986) teaches 
the use of powdered silicone rubber as a coating for var- 
ious substrates including posters, butyl rubber, polya- 
mides such as Nylon-6,6, and asphalt. The purpose of 
the coating is to remove surface tack of the substrate. 
However, the powdered silicone rubber in the '134 pat- 
ent is applied to the polymeric substrate as a dry powder, 
rather than as an aqueous suspension, and therefore 
surface coverage obtained in the '134 patent is not uni- 
formly consistent. 

[0003] While application of aqueous dispersions of 
powdered silicone rubber to polymeric substrates such 
as silicone gel sheets is known in US patent 4,985,277 
(January 1 5, 1 991 ), the surface of the silicone gel sheet 
to which the aqueous dispersion is applied is cured rath- 
er than uncured. Therefore adherence of powdered sil- 
icone rubber to these substrates is difficult to maintain. 
[0004] These disadvantages are overcome according 
to this invention by applying an aqueous suspension of 
powdered silicone rubber to polymeric substrates, es- 
pecially polymeric substrates which have been pre- 
treated with a thermosetting liquid silicone rubber com- 
position, and more particularly to polymeric substrates 
used as base fabrics in the manufacture of automobile 
air bags. 

[0005] The invention therefore relates to a process for 
modifying the surfaces of polymer coated base fabrics 
used in the fabrication of coated articles such as auto- 
motive airbags, inflatable curtains, latex products, and 
other such inflatable devices, wherein the coefficient of 
friction needs to be minimized. 

[0006] In particular, the invention consists of treating 
polymer coated base fabrics with an aqueous suspen- 
sion of powdered silicone rubber which reduces the co- 
efficient of friction, i.e., the tack, and renders the coated 
base fabric resistant to blocking. 
[0007] The polymer coated base fabric may be treat- 
ed with the powdered silicone rubber by a variety of 
techniques, some examples of which are electrostatic 
spraying, atomization of a solvent dispersion, atomiza- 
tion of an aqueous suspension, and by mechanical 
means such as buffing. 

[0008] The resulting powdered silicone rubber modi- 
fied and coated base fabric has been found to possess- 
s a unique tack-free and slippery feel which has a low 
coeffici nt of friction, all of which properties are desira- 
ble attributes. 

[0009] As the development and manufacture of air- 
bags for automotive use expands, thermosetting liquid 
silicone rubber compositions hav become one of the 
materials of choice for coating the newer generation of 



airbags. However, some of these thermosetting liquid 
silicone rubber compositions exhibit a very high coeffi- 
cient of friction, and therefore their application to the 
base fabric of the air bag results in a tendency of the 

5 base fabric layers to block, i.e., the layers tend to stick 
to one another when folded or overlapped. As a result, 
it is often necessary to apply a second coating of the 
thermosetting liquid silicone rubber composition to the 
base fabric layer in order to eliminate this undesirable 

10 blocking tendency. 

[0010] Such thermosetting liquid silicone rubber com- 
positions for application to base fabrics used in air bags 
for automobiles are well known, and reference may be 
had, for example, to US Patent 5,208,097 (May 4, 1 993) , 

15 US Patent 5,789,084 (August 4, 1998), and US Patent 
5,877,256 (March 2, 1999). These thermosetting liquid 
silicone rubber compositions are typically applied to 
base fabrics comprised of polyamide fiber or polyester 
fiber, andthen heat treated to harden or cure thecoating 

20 on the base fabric. Generally, the thermosetting liquid 
silicone rubber compositions consist of an organopoly- 
siloxane containing an alkenyl group, an organopolysi- 
loxane containing a hydrogen atom, an organopolysi- 
loxane containing an epoxy group, a suitable filler, and 

25 a hydrosi lation type catalyst. 

[0011] While these types of thermosetting liquid sili- 
cone rubber compositions have been a success in the 
market place, their residual tack after being cured im- 
pairs processing of base fabrics for air bags during f in- 

30 ishing operations such as sewing. During these finishing 
operations, the tackiness often causes adjacent layers 
of treated base fabric to stick together when the coated 
layers are folded and stored. Powders such as talc, cal- 
cium carbonate, and clay, have been used for dusting 

35 the layers, and while such powders can temporarily al- 
leviate their tackiness, such powders can easily be re- 
moved from the layers which interferes with the sewing 
and handling operations. In addition, powders of this 
type generate an excess of airborne dust in the work- 

40 place which can be an environmental concern. 

[0012] In an effort to overcome these disadvantages, 
the improvement according to this invention relates to 
the use of an aqueous suspension of powdered silicone 
rubber for modifying such treated polymeric substrates. 

45 The preferred method of application is to spray an aque- 
ous suspension of the powdered silicone rubber onto 
uncured surfaces of the treated polymeric substrate. 
Preferably, the treated surface of the polymeric sub- 
strate to which the aqueous suspension of powdered sil- 

50 icone rubber is applied should be a treated surface that 
does not contain water. 

[0013] The treated substrate is then heated to cure 
the thermosetting liquid silicone rubber composition, 
which simultaneously promotes adherence of the pow- 
55 dered silicone rubber particles on the surface of the 
treated polymeric substrate. It has been determined that 
the presence of the powdered silicone rubber particles 
on the surface of the cured polymeric substrate does not 
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interfere with the adhesion properties of the thermoset- 
ting liquid silicone rubber coating composition to the 
base fabric of the air bag. 

[0014] The process according to the invention allows 
one to apply a coefficient of friction reducing topcoat to 5 
a coated polymeric substrate without initially having to 
cure the surface of the coated polymeric substrate. This 
reduces processing time of coating operations and gen- 
erally improves the durability of topcoats on polymeric 
substrates. 

[0015] The application of relatively small amounts of 
powdered silicone rubber to coated airbag base fabric 
layers lowers their coefficient of friction and reduces 
their tendency to block. For example, as little as two 
gram/square meter of powdered silicone rubber applied 
to surfaces of an air bag base fabric layer which has 
been treated with a thermosetting liquid silicone rubber 
composition, can tower its coefficient of friction by fac- 
tors of almost five. 

[001 6] While the powdered silicone rubber can be ap- 
plied to coated airbag base fabric layers by buffing on 
the powdered silicone rubber by hand, the preferred 
method of applying the powdered silicone rubber is by 
spraying it as an aqueous based emulsion, suspension, 
or dispersion. 

[0017] Hand application of powdered silicone rubber 
generally consists of dusting base fabric layers with the 
powdered silicone rubber, and then rubbing the pow- 
dered silicone rubber on the surface of the base fabric 
layer manually. 

[0018] Other methods of applying powdered silicone 
rubber include electrostatic spraying of the type com- 
monly practiced in the powder coating arts, and by 
spraying atomized mists of powdered silicone rubber 
suspensions as solvent or water based compositions. 
As noted above, application as an aqueous suspension 
is the most preferred method. 

[0019] Although the powdered silicone rubber is pri- 
marily intended for modifying the surface of fabrics coat- 
d with a thermosetting liquid silicone rubber composi- 
tion, it is useful for modifying the surface of fabric layers 
coated with othertypes of polymers. Reference may be 
had, for example, to US Patent 4,594,134 (June 10, 
1 986) for a detailed list of some substrates or coatings 
which can be treated, among which are natural rubber, 
polychloroprene rubber, polyurethane rubber, polyeth- 
ylene terephthalate, polycarbonate, polystyrene, poly- 
ethylene, polypropylene, polyvinyl chloride, polyvinyl 
acetate, polyethylene glycol, phenolic resins, acrylic 
resins, and cellulose based polymers. 
[0020] Aqueous suspensions of powdered silicone 
rubber suitable for use herein are compositions known 
in the art, and they are commercially available from 
sources such as the Dow Corning Corporation, Midland, 
Michigan, and Dow Corning Toray Silicone Co., Ltd., To- 
kyo, Japan. Such aqueous suspensions of powdered 
silicone rubber are also d scribed in detail in a number 
of patents, among which are US Patent 5,708,057 (Jan- 



uary 13, 1998), US Patent 5,871,761 (February 16, 

1999) , US Patent 5,928,660 (July 27, 1999), and Euro- 
pean Patent Application EP 0 989 226 A2 (March 28, 

2000) . 

[0021] These aqueous suspensions of powdered sil- 
icone rubber typically comprise suspensions obtained, 
for example, by curing an addition reaction curable sili- 
cone rubber composition, a condensation reaction cur- 
able silicone rubber composition, an organic peroxide 
curable silicone rubber composition, or an ultraviolet ra- 
diation curable silicone rubber composition, in a state in 
which the composition is dispersed in water in the form 
of fine particles. Examples of addition reaction curable 
silicone rubber compositions include compositions con- 
sisting of at least an organopolysiioxane which has at 
least two alkenyl groups per molecule, an organopoly- 
siioxane which has at least two hydrogen atoms bonded 
to silicon atoms in each molecule, and a platinum type 
catalyst. Examples of condensation reaction curable sil- 
icone rubber compositions consist of at least an organ- 
opolysiioxane which has at least two hydroxy groups or 
hydrolyzable groups such as alkoxy groups, oxime 
groups, acetoxy groups, or aminoxy groups, bonded to 
silicon atoms in each molecule, a silane cross-linking 
agent which has at least three hydrolyzable groups such 
as alkoxy groups, oxime groups, acetoxy groups, or 
aminoxy groups, bonded to silicon atoms in each mole- 
cule, and a condensation reaction catalyst such as an 
organo-tin or an organo-titanium compound. 
[0022] In order to achieve stable dispersions of these 
curable silicone rubber compositions as fine particles in 
water, it is desirable to use one or more nonionic sur- 
factants, cation ic surfactants, and/or anionic sur- 
factants. The amount of surfactant used is generally in 
the range of 0.1-20 parts by weight, preferably 0.5-10 
parts by weight, per 100 parts by weight of the curable 
silicone rubber composition. 

[0023] The mean particle size of the powdered sili- 
cone rubber in the aqueous suspension is in the range 
of 0.1-500 micron, and preferably in the range of 0.5-50 
micron. The shape of the powdered silicone rubber par- 
ticles may be spherical, flat, or amorphous, but spherical 
particles are generally preferred. Furthermore, it is de- 
sirable that the hardness of the powdered silicone rub- 
ber be 80 or less, as determined by Japanese Industrial 
Standard (JIS) A hardness test procedures, and a JIS 
A hardness of 65 or less is most preferred. 
[0024] While there are no particular limitations on the 
content of powdered silicone rubber in the aqueous sus- 
pension, it is preferred that the powdered silicone rubber 
be present in the aqueous suspension in a range of 
10-80 percent by weight based on total weight of the 
aqueous suspension. 

[0025] Reference may be had to Practical Example 3 
in US Patent 5,928,660 (July 27, 1999) for a detailed 
procedure for making aqueous suspensions of pow- 
dered silicone rubber suitable for use according to the 
present invention, and to Reference Example 1 of the 
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•660 patent for the procedure of making a dry powdered 
silicone rubber from the aqueous suspension. 

Example 1 

[0026] A rectangular portion of an inflatable curtain 
measuring 73.7 cm x 35.6 cm was placed flat on a paper 
sheet lying on a bench top. The inflatable curtain was 
manufactured using the Jacquard weaving process 
from a fabric of polyamide 6,6-nylon fiber having 144 
filaments per fiber. The inflatable curtain fabric was coat- 
ed on one side with a thermosetting liquid silicone rub- 
ber composition at a loading of 130 gram/square meter. 
Using a spatula, 0.72 g of spherical powdered silicone 
rubber having particles with an average size of 5 micron 
in diameter was sprinkled on top of the coated inflatable 
curtain fabric, and the powdered silicone rubber was 
rubbed onto the entire surface by hand for 1 -2 minutes. 
The white powdered silicone rubber was visible before 
rubbing it onto the coated inflatable curtain fabric, but 
after rubbing, it became invisible. By weighing the coat- 
ed inflatable curtain fabric before and after treatment on 
an analytical balance, it was determined that the weight 
of the coated inflatable curtain fabric increased by 0.52 
gram. This is equivalent to a loading of approximately 2 
gram of powdered silicone rubber per square meter of 
the coated inflatable curtain fabric. The coefficient of 
friction (COF) of the powdered silicone rubber modified 
coated inflatable curtain fabric was determined using a 
standard TMI COF testing device. This device included 
a 200 gram B type sled with 8.5 inch sample strips. The 
COF value was found to be 0.472 static and 0.468 ki- 
netic. Using the same procedure, the COF of a sample 
of coated but unmodified inflatable curtain fabric was 
2.30 static and 2.1 kinetic. This difference in COF indi- 
cates that a significant decrease in tack can be obtained 
using powdered silicone rubber, i.e., an almost fivefold 
reduction. 

Example 2 

[0027] A rectangular portion of an inflatable curtain 
measuring 43 cm x 33 cm was coated with a thermoset- 
ting liquid silicone rubber composition at a coating 
weight of 130 grams per square meter using a Mathis 
Werner Type SV laboratory coating device. The coated 
surface area was 28 cm x 30 cm with an average coating 
weight of 1 30 gram/square meter. This was determined 
by measuring the weight of the coated fabric and noting 
the difference from the weight of the uncoated fabric. 
The inflatable curtain was manufactured using the 
standard Jacquard weaving process from a fabric of 
polyamide 6,6-nylon fiber. Th fabric was reported by 
the manufacturer as having 144 filaments per fiber, a 
fiber strength of 470 detex, and a basis weight of 460 
grams per square meter. The uncured coating of the 
thermosetting liquid silicone rubber composition was 
then sprayed with an aqueous suspension of powdered 



silicone rubber having particles with an average size of 
5 micron in diameter at an average coating weight of 5-9 
gram/square meter. This application was carried out 
with a Kremlin M18/2 Air Spray gun equipped with a 

5 pressure feed cup, a nitrogen air cap, a type 21 5 nozzle 
with a three pound per square inch cup delivered at 
35-60 pounds per square inch of air pressure. Weighing 
the inflatable curtain fabric before and after treatment 
with an analytical balance indicated that the weight of 

10 the inflatable curtain fabric increased by 9 gram/square 
meter. 

[0028] The coefficient of friction of the powdered sili- 
cone rubber modified coated inflatable curtain fabric 
was determined using the standard TMI COF testing de- 

15 vice model number 32-06. The device had 200 gram 
type B sled and 8.5 inch sample strips. The COF value 
was found to be 0.485 static and 0.454 kinetic. Using 
the same procedure, the COF for a sample of coated 
but unmodified inflatable curtain fabric was 2.30 static 

20 and 2.1 kinetic. Again, the decrease in tack using pow- 
dered silicone rubber was an almost five fold reduction. 
[0029] The durability of powdered silicone rubber par- 
ticles cured onto the surface of the coated inflatable cur- 
tain fabric using the above method of application was 

25 determined using the Moonweave Scrub Test. This is a 
standard adhesion test protocol of the International Or- 
ganization for Standardization (ISO), Geneva, Switzer- 
land. The protocol is ISO 5981 :1 997 entitled Rubber or 
Plastic Coated Fabrics - Determination of Resistance to 

30 Combined Shear Flexing & Rubbing. According the ISO 
test protocol, 5 cm x 1 0 cm coated samples from curtain 
sections of fabric are used in the test procedure. Typical 
scrubs for fabric coated with 1 30 grams per square me- 
ter of a polyorganosiloxane based polymer are 3,000 to 

35 3,500 scrub cycles unaged, and 1,000 to 1,500 scrub 
cycles after heat aging at 125 °C for 336 hours. The 
scrubs of coated material with a topcoat from this exam- 
ple yielded 4,500 scrub cycles unaged, and 2,500 to 
3,000 cycles after aging. After aging, the coated material 

40 did not block, and it retained COF measurements of 
0.585 static and 0.560 kinetic. 

Example 3 

45 [0030] A rectangular portion of cellulose gypsum 
board cover measuring 8.5 x 1 1 inches was coated with 
an aqueous suspension of powdered silicone rubber 
having particles of an average size of 5 micron in diam- 
eter using a draw down laboratory coating bar, and then 

so dried to evaporate water. The coated su rf ace area of the 
cellulose gypsum board cover was 8.5 x 11 inches with 
an average coating weight of 3 gram/square meter. This 
was det rmin d by measuring the weight of the coated 
cellulose gypsum board cover and noting the difference 

55 from the basis weight of th uncoated cellulose gypsum 
board cover. 

[0031] The coefficient of friction of the powdered sili- 
cone rubber coated cellulose gypsum board cover sub- 
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strate was determined using the standard TM I CO F test- which the substrate is a fabric of polyamide fiber or 

ing device model number 32-06 having a 200 gram type polyester fiber. 

B sled with 8.5 inch sample strips. The COF value was 

found to be 0.325 static and 0.309 kinetic. Using the 7. A coated substrate obtainable according to the 
same procedure, the COF for a sample of coated but 5 method of any of Claims 1 to 6. 

unmodified cellulose gypsum board cover was 0 .90 stat- 
ic and 0.89 kinetic. The decrease in tack using pow- 
dered silicone rubber was an almost three fold reduc- 
tion. 

10 



Claims 

1 . A method of treating a substrate coated with a poi- . 
ymeric material, the method comprising 15 

(i) applying an aqueous suspension of pow- 
dered silicone rubber with a mean particle size 
of 0.1 to 500 ujn to the coated substrate, and 

(ii) heating the coated substrate to remove wa- 20 
ter and simultaneously adhere particles of the 
powdered silicone rubber to the polymeric coat- 
ing on the substrate. 



2. The method according to Claim 1 in which the aque- 25 
ous suspension of powdered silicone rubber is ap- 
plied to a substrate which is coated with a cellulose 
based polymer. 

3. The method according to Claim 1 in which the sub- 30 
strate is coated with a thermosetting liquid silicone 
rubber composition prior to the application of the 
aqueous suspension of powdered silicone rubber in 
step (i); and the thermosetting liquid silicone rubber 
composition is cured; the particles of the powdered 35 
silicone rubberbeing simultaneously adhered to the 
cured coating on the substrate in step (ii). 

4. The method according to any of Claims 1 to 3 in 
which the aqueous suspension of powdered sili- 40 
cone rubber is a composition obtained by curing a 
curable silicone rubber composition dispersed in 
water in the form of fine particles, the curable sili- 
cone rubber composition being an addition reaction 
curable silicone rubber composition, a condensa- *s 
tion reaction curable silicone rubber composition, 

an organic peroxide curable silicone rubber compo- 
sition, or an ultraviolet radiation curable silicone 
rubber composition. 

50 

5. The method according to Claim 3 in which the ther- 
mosetting liquid silicone rubber composition com- 
prises an organopolysiloxane containing an alkenyl 
group, an organopolysiloxane containing a hydro- 
gen atom, an organopolysiloxane containing an 55 
epoxy group, a filler, and a catalyst. 



6. 



The method according to any of Claims 1 to 5 in 
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